It has been shown that specific cell wall-derived pectic In this work the effect of injection of xyloglucanfragments might function by regulating certain features derived oligosaccharides (XGOs) into whole persimmon of plant metabolism such as defence responses, morpho-(Diospyros kaki L.) fruits on ethylene biosynthesis was genesis or fruit ripening (Aldington and Fry, 1993; Ryan investigated. Fruits collected during different ripening and Farmer, 1991). stages produced low levels of ethylene without a cliSeveral authors have reported the enhancement of macteric-like peak. Pretreatment of these fruits with ethylene production following treatment of fruit tissues 10 cm3 C 2 H 4 m−3 for 8 h stimulated little or no endowith cell wall pectic fragments produced by fungal genous ethylene production. However, when persimenzymes ( Tong et al., 1986) or by acid hydrolysis mon fruits were injected with a mixture of XGOs a (Campbell and Labavitch, 1991a, b). The same effect was burst in ethylene production was observed compared obtained by injecting fruits with PG (Baldwin and with water-injected control fruits or fruits injected with Pressey, 1988), or with fruit cell wall-derived pectic oligosdifferent monosaccharide solutions. In order to study accharides released autolytically (Brecht and Huber, 1988; the influence of oligosaccharide structure and fruit Melotto et al., 1994) or extracted with alkali ( Tong and ripening stage on the ability of XGOs to induce ethyGross, 1990). However, it has recently been shown that lene synthesis, fucosylated and non-fucosylated XGOs the real trigger for ethylene production in the work of were injected into persimmon fruits harvested at Tong and Gross was the chelator CDTA used in the two different ripening stages. Both oligosaccharide extraction procedure, and not a pectic fragment itself structures were able to induce ethylene production.
Introduction
It has been shown that specific cell wall-derived pectic In this work the effect of injection of xyloglucanfragments might function by regulating certain features derived oligosaccharides (XGOs) into whole persimmon of plant metabolism such as defence responses, morpho-(Diospyros kaki L.) fruits on ethylene biosynthesis was genesis or fruit ripening (Aldington and Fry, 1993; Ryan investigated. Fruits collected during different ripening and Farmer, 1991). stages produced low levels of ethylene without a cliSeveral authors have reported the enhancement of macteric-like peak. Pretreatment of these fruits with ethylene production following treatment of fruit tissues 10 cm3 C 2 H 4 m−3 for 8 h stimulated little or no endowith cell wall pectic fragments produced by fungal genous ethylene production. However, when persimenzymes ( Tong et al., 1986) or by acid hydrolysis mon fruits were injected with a mixture of XGOs a (Campbell and Labavitch, 1991a, b) . The same effect was burst in ethylene production was observed compared obtained by injecting fruits with PG (Baldwin and with water-injected control fruits or fruits injected with Pressey, 1988) , or with fruit cell wall-derived pectic oligosdifferent monosaccharide solutions. In order to study accharides released autolytically (Brecht and Huber, 1988 ; the influence of oligosaccharide structure and fruit Melotto et al., 1994) or extracted with alkali ( Tong and ripening stage on the ability of XGOs to induce ethy- Gross, 1990 ). However, it has recently been shown that lene synthesis, fucosylated and non-fucosylated XGOs the real trigger for ethylene production in the work of were injected into persimmon fruits harvested at Tong and Gross was the chelator CDTA used in the two different ripening stages. Both oligosaccharide extraction procedure, and not a pectic fragment itself structures were able to induce ethylene production. (Plank and Tong, 1997) . Most of these studies have used Induction of ethylene by XGOs was much more evident climacteric fruits like tomato or pear as experimental in fruits harvested later in time, indicating that the models and pectin-derived oligosaccharides as ethylene process is developmentally regulated. The levels elicitors, relating their effects to the important pectic of 1-aminocyclopropane-1-carboxylic acid (ACC) in metabolism that occurs in the cell wall during the ripening injected persimmon fruits were also examined. This of these fruits. study showed that the increase in the rate of ethylene
In addition to the changes in pectic polymers, changes biosynthesis induced by XGOs was accompanied by in hemicellulose structure are likely to be important the accumulation of its metabolic precursor ACC.
determinants of the ripening process (Fischer and Bennett, 1991) . Unlike the wide range of effects produced Key words: Diospyros kaki, xyloglucan oligosaccharides, by pectic oligosaccharides, growth regulation is the only effect reported for hemicellulosic oligosaccharides. ethylene.
inserted in the jar lids and ethylene concentration in the Xyloglucan-derived oligosaccharides ( XGOs) have been headspace was determined by gas chromatography (Alumina shown to possess two biological activities as plant growth column, FID). Only those fruits with values below 2×10−8 cm3 regulators (Fry, 1993) with different structural requireethylene g−1 fr. wt. h−1 were used in the injection experiments.
ments: inhibition of auxin-induced growth at nanomolar concentrations and growth promotion at micromolar Pattern of ethylene production concentrations. While the growth-inhibiting effect was Persimmon fruits were harvested weekly during November dependent on the -fucose group and independent of the 1995, surface-sterilized, rinsed with distilled, deionized H 2 O and surface-dried before use. After determination of the ethylene cellotetraose core, the growth-promoting effect was production at harvest, selected fruits were held at 25±1°C for independent of -fucose, but dependent on the cellotetra-8 h or treated with 10−2 cm3 C 2 H 4 m−3 for 8 h at the same ose core (Aldington and Fry, 1993) . However, there is a temperature. Ethylene production at 25±1°C was measured, lack of information regarding the possible role of XGOs as described above, at 18, 40 and 62 h after the treatment.
in fruit ripening.
Compositional changes in the cell walls of persimmon
Source of xyloglucan-derived oligosaccharides fruit have been extensively studied during the developFucosylated xyloglucan-derived oligosaccharides were prepared as described previously (McDougall and Fry, 1988) . Briefly, ment and ripening processes (Itamura et al., 1989;  hemicelluloses from rose (Rosa sp.) cell suspension-culture were Cutillas-Iturralde et al., 1993 (Tropaeolum majus L.) seed xyloglucan as described by 1994). Persimmon fruits harvested early show an increase McDougall and Fry (1989) .
in ethylene production with a characteristic climacteric
The compositional analysis and purity of XGOs were peak, while fruits harvested later produce only small determined by HPLC on CarboPac PA1 using a pulsed quantities of ethylene and lose the ability to respond to amperometric detector and maltopentaose as an internal standard. Further analysis of the monosaccharide composition exogenous ethylene ( Takada, 1982 ( Takada, , 1983 , suggesting that 600 cm3 glass jars, sealed and held overnight at 25±1°C. Gas samples (1 cm3) were taken through rubber septa in the jar lids and the ethylene concentration in the headspace was determined
Materials and methods by gas chromatography as described above. After each measurement the average ethylene production per fruit was calculated Plant material for each treatment. At selected times three fruits, exhibiting Persimmon fruits (Diospyros kaki L. var. Cristalino) were typical ethylene production, were stored frozen to analyse the obtained from a horticultural unit in Torrent ( Valencia, Spain) ACC content. during the 1995 and 1996 seasons. Fruits at developmental stage IV (Cutillas-Iturralde et al., 1993) were used for the ACC extraction and quantification experiments. At this stage the fruit had reached its maximum size (150-200 g in mass) and the change in colour, green to red, ACC was extracted and quantified following the procedures of Lizada and Yang (1979) and Nieder et al. (1986) . Tissue (0.5 g) had taken place. This stage is also characterized by a pronounced fruit softening and a large decrese in the xyloglucan average was homogenized and extracted for 10 min at 70°C with 5 cm3 of 80% ethanol. After centrifugation at 10 000 g, the pellet was molecular mass (Cutillas-Iturralde et al., 1993 . Fruits were harvested on different dates, surface-sterilized with 13 mM re-extracted as before with 80% hot ethanol and the two supernatants were combined. The extract was dried in a rotary NaOCl, rinsed with distilled, deionized H 2 O and surface-dried before use. At harvest, flesh firmness was measured as resistance evaporator, dissolved in 1 cm3 MilliQ-purified water and further fractionated on a cation exchange resin (Dowex-50×8, H+ to puncture using a fruit pressure tester ( Effegi, Model FT 327, Italy) with an 8 mm tip on two areas opposite to each other on form, 50-100 mesh) (Sigma Chemical Co., St Louis, MO, USA). The resin was first washed with 20 cm3 of MilliQthe equatorial region of the fruit, after removal of a 2 mm thick slice. purified water and ACC was then eluted with 20 cm3 of 2 N NH 4 OH. The NH 4 OH eluate was dried in a rotary evaporator Uniform samples of persimmon fruits were selected based on initial ethylene production rates as follows. Persimmon fruits and dissolved in 1 cm3 MilliQ water. One hundred mm3 of 10 mM HgCl 2 was added to 0.7 cm3 of the aqueous extract and were placed in 600 cm3 glass jars, sealed and held at 25±1°C for 18 h. Gas samples (1 cm3) were taken through rubber septa mixed in a sealed 14 cm3 test tube. Then, 0.2 cm3 of a cool hypochlorite solution (7% NaOCl in saturated NaOH, 251, v/v) was added through a rubber septum, and after 15 min the ethylene concentration in the headspace was determined. The conversion efficiency of ACC to ethylene in each sample was determined separately with a replicate sample containing a known amount (2 nmol ) of ACC as an internal standard. The amount of ACC in the sample was calculated as the amount of ethylene released from the sample divided by the conversion efficiency. The efficiencies ranged between 50% and 85% in all fruit extracts.
Statistical analysis of data
The probabilities that the apparent difference between the data from different treatments was due to chance were estimated using the Student's t-test (P=0.05). ( Table 1 ). The levels of endogenous ethylene production were very low. There was no climacteric-like peak, and the pattern of ethylene production indicated the nonwith distilled water. The effect was detectable 24 h after treatment and became more evident during the following climacteric behaviour of persimmon fruits. Application of exogenous C 2 H 4 at 10−2 cm3 m−3 for 8 h only induced days. However, fruits injected with 200 mg of a mixture of monosaccharides present in the XGO sample a slight and transient increase in the rate of ethylene production during a short period of time just after (Glc5Xyl5Gal5Fuc) did not stimulate ethylene production relative to the water-injected control fruits, indicating application of exogenous ethylene.
The effect of injecting a mixture of fucosylated and a dependence of ethylene-induction on the structure rather than on the monosaccharide composition of the sample. non-fucosylated XGOs on ethylene biosynthesis was tested in fruits harvested in the first week of November
The possible dependence of XGO-induced ethylene synthesis on (i) fruit ripening stage and (ii) oligosacchar-1995 (Fig. 1) . In order to ensure a maximum uniformity in fruit samples, all persimmon fruits were subjected to ide structure was also investigated, in particular, the influence of the presence or absence of -Fuc. The effect an initial determination of ethylene production just after harvest, using for injection experiments only those fruits of injection of fucosylated and non-fucosylated XGOs into persimmon fruits harvested at different ripening with values below 2×10−8 cm3 ethylene g−1 fresh weight h−1. HPLC analysis of the XGO mixture showed stages was studied. Fruits harvested before the third week of October 1996 did not respond to the application of the presence of XXXG (52.7%), XXFG (21.1%) and XLLG (26.2%). Injection into persimmon fruits of 200 mg any XGOs (data not shown). Figure 2 shows the effect of injection of the fucosylated of this XGO mixture resulted in a significant burst of ethylene production compared with control fruits injected XGOs into persimmon fruits harvested at two ripening Table 1 . Ethylene production in persimmon fruits harvested at different stages of development
Fruits were harvested weekly from 4 November 1996 and the initial ethylene production at 25±1°C was measured. Fruits were then held at 25±1°C for 8 h (Control ) or treated with 10−2 cm3 C 2 H 4 m−3 at 25±1°C for 8 h. Subsequent ethylene production was measured at 18, 40 and 62 h after the treatment. Each value represents the average ethylene production of 15 fruits±standard deviation. nd, not determined.
Harvest date
Treatment Ethylene production (10−6 cm3 g−1 fresh weight h−1) Compositional analysis of the fucosylated sample by HPLC showed the presence of XLFG (58%) and XXFG (42%), both fucosylated XGOs. Injection of 200 mg of week of October 1996. Non-fucosylated XGOs induced a similar, but more significant, increase in the rate of these fucosylated XGOs into the first harvested fruits resulted in a slight enhancement of C 2 H 4 production ethylene biosynthesis than did fucosylated XGOs. Again, a transient, initial increase in ethylene biosynthesis relative to the water injected control fruits ( Fig. 2A) , and 4 d after treatment the stimulation of ethylene production occurred 24 h after treatment. When the non-fucosylated XGOs were injected into persimmon fruits harvested 1 began to be statistically significant. Eight days after injection the levels of ethylene production were again month latter, a strong elicitation of C 2 H 4 was found ( Fig. 3B) . The rate of ethylene biosynthesis increased similar in both control and oligosaccharide-treated fruits. When the same experiment was done with persimmon continuously until the tenth day after injection, reaching a value of 8×10−7 cm3 g−1 fresh weight h−1. fruits harvested 1 month later ( Fig. 2B) , an XGO-elicited increase in ethylene production started around 24 h after To correlate the effect of XGO injection on ethylene biosynthesis with its precursor ACC, the levels of endotreatment. Both treated and control fruits exhibited a slight initial post-injection burst in ethylene production, genous ACC in persimmon fruits used in the experiment shown in Fig. 3B were investigated. Non-injected fruits but only the oligosaccharide-treated fruits showed a continued increase in the rate of ethylene production. The (time 0) contained low amounts of ACC ( less than 0.2 nmol g−1), in agreement with the low level of ethylene pattern of ethylene biosynthesis was similar with or without XGOs until the sixth day after treatment, when production by these fruits (Fig. 4) . Water-injected control fruits showed only a slight increase in their ACC levels oligosaccharide-injected fruits showed an increase in the rate of ethylene biosynthesis that continued until the as did their ethylene production, reaching a value of 1 nmol g−1. In contrast, fruits treated with nontenth day, when the rate of ethylene production began to fall.
fucosylated XGOs showed a clear increase in their endogenous ACC levels, accompanying the onset of ethylene Induction of ethylene biosynthesis by non-fucosylated XGOs was tested in a similar manner (Fig. 3) by injection production. of non-fucosylated XGOs into persimmon fruits harvested on the same dates as in the previous experiment. HPLC Discussion analysis of this XGO preparation showed the presence of the non-fucosylated oligosaccharide XXLG with traces
In this work the pattern of ethylene production by persimmon fruits and the ethylene elicitation capability of XLXG and XLLG. Figure 3A shows the time-course of ethylene production in fruits harvested in the third of XGOs injected into persimmon fruits were examined.
to the application of any XGOs (data not shown). Elicitation of ethylene by XGOs was much more evident in fruits harvested later in time, indicating that the process is also developmentally regulated. Change in the level of ACC is determined by the rate of ACC synthesis relative to its rate of utilization or degradation. The rapid accumulation of ACC which occured after injection of XGOs with respect to the water injected control fruits (Fig. 4) indicates that the rate of ACC formation was greater than the rate of ACC utilization.
This work has reported that xyloglucan-derived oligosaccharides are able to induce ethylene biosynthesis in persimmon fruit tissues. This is the first time that XGOs burst in ethylene production could be part of the normal process of ripening in persimmon fruits. However, the low endogenous levels of ethylene detected during normal Fruits harvested weekly during November 1995, at the commercial harvest period, produced low levels of ethypersimmon ripening compared with the strong effect produced by XGOs indicate that this effect could be part lene and did not respond to the application of exogenous ethylene ( Table 1) . In agreement with these data, Takada of the hypersensitivity response to stress-related processes, such as plant-pathogen interaction. In fact, the increased (1983) found that Japanese persimmon fruits harvested early showed an increase in ethylene production with a production of ethylene is one of the earliest chemically detectable events in pathogen-infected plants (Aldington peak characteristic of a climacteric fruit, while fruits harvested later produced only small quantities of ethylene, and Fry, 1993) and both fungal and plant cell wall fragments have been implicated in the induction of ethysuggesting that the ability of the fruit to synthesize ethylene decreases rapidly during maturation. It has also lene synthesis in infected-fruits. Further research is needed to elucidate this possibility. been found that the ability of persimmon fruits to respond to exogenously added ethylene decreases as the fruits mature (Takada, 1982) .
When persimmon fruits were injected on two opposite
